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Section 1

INTRODUCTION

The scope of Phase I, Task 6.0, covers survey and appraisal of develop-
ments in the field of freight car suspension systems that may qualify as
Type II trucks and be considered for testing during Phase II of the Freight

Car Truck Design Optimization Project.

Man.y vériations of freight car truck design are appearing in both domestic
and foreign markets, and it is the pufpose of this survey to include ap-
praisal of all existing systems that have features which show a potential
for development and incorporation into an improved suspension system.
The appraisal will include technical features, feasibility, service experi-

ence, availability, and cost factors.

The Type II design can embody new concepts that utilize current wheel
sets, journal bearing assemblies, and braking arrangements compatible
with current air brake systems. Car coupler height is to be maintained;
however, car body supports other than centerplates can be employed.
Appraisal is based on features that will provide good ride qualities in a
rail car used to carry lading which is sensitive to damage or used under
operating conditions that require a higher level of performance than con-

ventional freight car trucks.
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Certain improvements to Type I trucks that have a potential for upgrading
performance to the extent that they could be considered in the Type II.

category are also considered in this survey and appraisal.
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Section 2

USINES EMILE HENRICOT TRUCK

A | - TECHNICAL

The development of this truck design was svtarted in Belgium about 1970 by
Usines Emile Henricot in an attempt to both improve performance and

reduce cost. A photograph of the assembled truck is shown in Figure 2-1.

The three-piece truck, as illustrated in Figure 2-2, is made up of two
cast-steel side frames and a cast-steel bolster. Dual-rate, load-carrying
springs are located between bolster and side frames. It has a conventional
center plate, but is equipped with spring-loaded side bearings. Snubbing is
accomplished by spring-loaded friction devices involving levers that link

~ coil springs to pads bearing on the column guides of the side frames.

The unique feature of the design is an elastic connection between side

- frames and axles. This is accomplished by using a circumferential
""axle box'' which has two rings of an elastomer between it and the side
frame, and separated by a central rib integral with the side frame as

illustrated in Figure 2-3.

Steel-to-steel contact is eliminated and a certain amount of restrained
flexibility is assured as well as a means of damping out of some of the

high-frequency vibrations. The elastomer rings, after being clamped



tightly:r between the axle box, the side frame, and the pedestal cap provide
a rigidity between side frames and the axles that holds. the truck in tram

and prevents parallelogramming. See Figure 2-4.

The outs1de and inside contours of the rubber: rmgs are eccentnc. This
allows accurate adjustment of the wheel base during fitup by rotatmg the
rings to the angle required as shown in Figure 2-5. The connectmn does .

not require machining of the side frames.

The elastic eiements a‘re"properly aiigned :to'.:adjust the Wheel base at the
tnitial assembly, and it is not necessary to ag'ain- make this adjustment
during wheel changes, etc., as only the pedestal caps are removed, and

" the-adapters remain. secured to the side. frame. .
. 'The manifacturer - makes the folloWin‘g;clairns‘ £or the »'de'sig_n: .

© ¥ @ - ‘A significant reduction in'‘wheel wear
" .¢° Increaséd bearing life
e~ A.decrease in noise level

" @ : A reduction in track maintenance

272 - - - FEASIBILITY

The manufacturer states that numerous tests have been run, both in the
1aboratory and in serv1ce that show the dev1ce prevents parallelogram,- '
m1ng and prov1des the advantages claimed. Thelr research has been -
| completed by study of a mathemat1ca1 model and by s1mu1atzlon on a d,1g1-

tal computer that supports the other test data. '

Success of this concept depends ent1re1y on the elastomer and the manu-

facturer states, ”Some precautmns are naturally to be taken as to the

~
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elastomer quality.'" No doubt, the composition and manufacturing tech-

nique of the elastomer is highly critical.

There is no provision for controlled lateral motion, and the ''axle box"
clamped to the bearing through the elastomer rings effectively eliminates

any appreciable lateral motion between the axle and side frame.

2.3 SERVICE EXPERIENCE

The truck is known as the ""Eurospeed'' bogie in Europe and was designed
for speeds over 120 km/hr. It has had limited service in the Common
Market countries and is being promoted for sale in the ''developing coun-
tries.'" There have been 14 car sets of the trucks in service from two to
five years and 86 car sets for about one year. The truck has not been

mass produced.

2.4 AVAILABILITY

Usines Emile Henricot is a steel foundry that has specialized in railroad
equipment for many years. They manufacture and sell freight car trucks
as well as other railroad equipment throughout the world. 'I"heir special-
ized equipment is also manufactured in other countries under a licensing
agreement. They claim to make numerous ""after sale' contacts with
customers and make engineering followups to enable them to know how

their equipment performs in service.

2.9 COST FACTORS

Cost factors are not available. However, design of the truck is such that
costs (when manufactured in volume) should be little more than a conven-

tional three-piece truck.
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Section 3
- BUCKEYE ELASTO CUSHION TRUCK
3.1 . TECHNICAL - - _ - a
The ‘development of this concept by Buckeye. Steel Castings Co. of s

Colimbus, Ohio began in 1964 and was first tested on the Quebec Cartier

Railroad in April of 1968.

The concept éonsists of a cdnve:qtional three-piece truck made up of ca;.st-.
steel bolster and side frames, with the side frames modiﬁea to allow
applicafion of an eléstomer pad between the roller bearing _a.dépter and top
of the side frame pedestal opening. It has AAR ﬁomi;‘ial truck design
dimensions, standard Wheels and axlés, standard bearings and adapters,
conventional friction stabilizing system with standard parts, and conven-

tional brakes. A photograph of the assembled truck is shown in Figure 3-1.

Pur’posfe of the elastomer pad is to provide for lateral motion between the

.axle and side frame;’ thereby reducing lateral forces at the rail and the

car body. The manufacturer considers it “'controlled! lateral motion
becauée‘ of the force required to distort the pad in shear and its c.onse-
quent restoring force. The design provides for 1 in. total lateral move~
ment of the axle on 70-ton trucks and 3/4 in. on 100-ton trucks. An

elastomer pad is shown in Figure 3-2.



. The ma.nufagtu'rer makes the following claims for the device:

e Reduces wheel flange to rail lateral ifnpact
e Reduces wheel to rail vertical impact forces
e Improves curve negotiability |

° Reducés t‘endency for "rock anri roll”

o Reduces wheel flange wear

3.2 FEASIBILITY

The trucks have been s'ye.r-vr'i(.:é 1:.é's-teid for the 'p_a,vst six years m numerous
types of service with no adverse effects as far as safety is concerned.
They have been performance té'sted bjr various railroads with regard to
truck hunting'as well as, for their-effect on whéel-raﬂ' laterajt and vertical

load reactions= Folldwm‘g"are-r'sorhe--of the roads that have run tests on

the device:

‘e " Quebec Cartiet Railroad .
e Bessemer & Lake Erie

~e . Burlington: Northern =
¢ Seaboard Coast Liné .

‘e ‘Uni,o‘n. Pacific’> .- "

- e  Trailer Train

These tests generally indicate that the device does héve an appreciable
effect on lateral forces and Some "éffé;étbn truck huntlng As long as the
bonds between the elastomer and the top and bottom plates ére not broken,
the pa;ds"will';ema",in serviceable. It is éstimated from service tési;:i.ng
that life of the pads is between 300,000 and 400, 000 mil.es‘, depending

upon the type of service.
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3.3.. |SERVICE EXPERIENCE

Approx1mate1y 1, 100 car sets are in geryice, practlcally a,11 100—ton—capa.c1ty
trucks: DBessemer & Lake. Er1e Burlmgton Northern, and Tra11er Train

are using the device in service quantities. I:}lFe,b"ruary, 1974, two Burlmgfon
Northern cars were inspected after approximately 275,000 ':_cvniiles:,—, Wgar in
pedesté.l legs, pedestal roofs, bolster center plates, body cente; plates, and
roller bearing adé,pters'wés noted and compared to companion cars with
standard trucks. The Elasto Cushion trucks were Barber S5-2 models and the
standard trucks were ASF A-3 models. '

This inspection indicated that the following trends seem to be appearing:

® Wear in the pedestal legs, both inboard and outboard, is the
same in the. Elasto-Cushion trucks as in standa.rd trucks of
the same design.

@ Wear on the truck center plates and body center plates is also
about the same as with standard trucks of the same
 design.

® Wheel life and roller bearihg adapter life seem:. to be considera-
bly improved for the Elasto-Cushion trucks,

e Bolster gib wear is about the same on both trucks.

e The Elasto-Cushion pads.afford a flat surface to bear against '
the pedestal roof and seem to eliminate pedestal roof wear.
They also minimize wear on top of the roller bearing adapters.

® Elastomer pads show some wear, but are still in serv1ceab1e
condition at 275,000 miles.

3.4 AVAILABILITY

All truck parts except the elastomer pads and the side frames are con-

ventional design and should be available from present sources. Composi-
tion and manufacturing techniques are, no doubt, critical on the elastomer
pads. In addition, the tfuck concept is patented; however\, there should be

no problem with availability.
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3.5 ' COST FACTORS

The approximate first cost differential for Elasto 'Cu'shion trucks com-
pa:}éci“td si;a.hdaQ::d.fruck? is $450 per'car set. The elastomer pads add |
another 4ite‘n;1 of maintenance; however, reduction 1n wheel wear and

' adépté_;f wear should be ‘offsetting, and it is estimated that there will be

“little difference in maintenance costs in the remaining truck parts.
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- Section 4

" $UMITOMO TRUCK

1:4.'1 - TECHNICAL,
As a re sult of an extensive investigation: conducted by the -J apanese
National Rallway in 1970 on. performance of the conventmnal freight car |
truck used in.the Un_1ted‘ States,: the Surnltomo Metal Industries of -Osaka,
| J apan‘_,‘dev.‘:eloped a proposal for their-;concept'(of a Type Il truck. T-‘hi‘s_ -
. proposal was submitted to Southern Pacific Transportation Company in |

:July.of’l973~.' o L , ' S L

- The most S1gn1flcant feature of their proposal is that it ut111zes an air.
spring in a secondary spnng arrangement. Figure 4-1 shows photographs
. of trucks used on one of their electric railways which depicts a ”Sumlrlde'”
a1r spr1ng of a similar type to that proposed The Sumitomo fre1ght car
truck ‘concept, however, uses the air spring between the bolster and s1de
_frame ,:w‘J.thr,.a somewhat conventional side bearlng located on center line of
bolster and center line of truck side frames. We1ght of the car is carried
through a center plate in a conventional manner. A diagram of the Sum1

ride air spring is shoWn in Figure 4-2.



Wheelé, axles, and roller bearings are AAR standard for use in the United
States. Wheel base is 6 feet 6 inches and the transverse distance between
center line of journals, coil springs, air springs, side bearings, and side
frames is also 6 feet 6 inches. Estimated weight of the two trucks is
23,400 1b, The proposal is based on a 70-ton, nominal-capacity truck.

Truck arrangement is shown in Figure 4-3.

The complete truck frame consists of two side frames and a cross tie.
The side frames are fabricated type, integrated with the pedestal, and
having seats for air spring and cross tie as well as brackets for lateral
damper and brake guide. The cross tie connects both side frames tightly
to maintain squareness of the truck, but is flexible in torsion to prevent
the tendency of uneven loading on the wheels. The design contemplates
fabricated side frames, but they could be mass produced in cast steel.
The bolster is fabricated type, but can also be of cast s.teel. It is de-
s_ignéd with seats for center plates and side bearings as well as brackets
for an antiroll device, lateral damper, lateral bumpers, bolster anchors,
and leveling valves. Internal spaces at both ends of the bolster are util-
ized for auxiliary air reservoirs for the air springs. An elastomer stop
is provided in the air spring so that in the event of air pressure failure,

the weight is still supported (with minimum cushioning).

An antiroll device is provided consisting of two sets of torsional springs
in parallel with the secondary (air) springs. Calculations indicate that
natural frequency of the rolling tendency is increased by a factor of 2 by

the antiroll device.

Two leveling valves are installed in each truck between the bolster and
side frame in parallel with the air springs that automatically regulate the
variations of height caused by increase or decrease of the load, thereby

maintaining constant height of the air spring at all times. The leveling



‘valve is designed to be relatively insensitive to dynamic change .of load due

to external factors..

A pressure-balancing valve is fitted between the auxiliary air reservoirs
of the left and right air springs in order to equalize the internal air pres-
sures within a set value so that the car body will not list excessively

should one air spring lose pressure.

An éir supply for the air éprir}g's-wi}l be a significé,nt problem in this
. "'des;vign and it is contemplated that in the event that test runs are made‘,_
the. test car would be close to the locomotive and air could be’ supplied |
from ‘the brake sjstém. ' Sumitomo contemplates an ele'ctric:-dr'iveii air
c‘bihi)réssro:r fnounted on each car as an air supply for future app1i¢aﬁoﬁs
m rdréﬁ\g't';lar s"ér:v:ice." | | ‘ o
The brake sys—terﬁ ist"i'é'a:‘éor"iab‘ly conventional, utilizing a truck-mounted
brake. The system is modified in ordef to allow f;)r deflection of the
pi:iinary Springing by providing for the brake shoe 'head to 'ro'c'a;te' aroui;d
. the brake beam so "thé,t.the shoe can face the wheel tread. ',Excess:ive o
rotation is: prevented-,’by.é. spring placed between the shoe head and brake
‘beam. Brake béams are carried by the side t_'ram’es}in guide slots in a

.. conventional manner.

The design also proirides"for disk brakes as an alternate. In this ,arré,nge—
ment, the brake disks are installed through a hub mounted on the axle and

the brake cylinders are a diaphragm type.

4.2 FEASIBILITY

. The design appears to be mechanically feasible as most features have heen
used or tested separately in other truck applications. The air spring has

been used in Japan and elsewhere on passenger car applications with



succ-es;; however, feasibility of its use in general freight car service in
- the United State,s.;\ais_w-ppen;to»que.stion. Making an air supply available for
the air spring would seem unduly complicated and costly for freight"

service.

4.3 -+ SERVICE EXPERIENCE
There has been éonsidel;able éerviée .experience on the"l‘Surxiiride"' air
spring as well as other features of the design in Japan on pés s-engei' cars;

however, this is a '"design proposal'' and has no service experience.

4.4 - AVAILABILITY

Air springs are available in. Japan as well as domestically, ;.i;d there is
nothing qbout the remaining parts of the design that could noi:i be manu-
factured with conventional tooling now available. . Test trucks would be
cuétdm—made as parts other than wheels, a}ilés, roller bearings, and air

‘springs are not available in the configur'atibn required. -

4.5  COST FACTORS

Sumitomo -Metal. Indusfries has quoted Southern Pac:}fié' Transportation
f-Co'mpaﬁy (SPTCo:) a figure of $92,000 for development of this concept.
This includes dies, rholds, etc;;»,c‘ost..of des.igﬁ; cost of testing at
S,u:rnit.o‘mo and Japanese National Railways (JNR); and delivery of two truck
~ sets for testing in the Uhited States. An estimated cost of the t'ruc;k in

- production has not been furnished; however, it appears that the cost woﬁld
- be at ‘a,pproximatel;y the same level éS‘ the ‘so-called-"express' truc;ks in

the United States.
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Sectlon 5

AMERICAN STEEL FOUNDRIES T- 11 SUSPENSION SYSTEM

5.1 TECHNICAL

The ASF T-11 Suspension System is offered in 100-ton capacity only arld was.
developed to provide a greater reserve ‘capacity 1n the_suspensron,‘ control

" truck hunting arlcil'rninirhize’the rock and roll problem‘with high center of
gravity hopper ‘ca’rs . It is a three-p1ece arrangement with cast- ‘steel side
frames and bolster. Wheels axles, bearmgs, adapters brake rlgglng, etc.,’
. are conventlonal Snubbmg elements are special and'an 1ntegra1 part of the :
1mproved suspensmn. Layout of the system 1s shown 1n F1gure 5-1 and the

as ssembly in Flgure 5-2,

The ma}or features in the system are that it is- eqmpped w1th ”S1mp1ex" con- -
_-; stant- contact 51de bearrngs and longer travel sprmgs. In add1t10n, it has :
1mproved snubbmg act1on, pedestal 11ners  more pOS1t1ve securement of

fr1ct1on plates,; and 16-1nch diameter center plate. 4

The Simplex sidekbea‘ring is 'de'signed to help control vertical motion at the

" side bearing and reduce "Yock and roll,'" as well as provide constant contact
for a damplng actlon as.a deterrent to unstable hunt1ng The S1mp1ex side
bearmg is made for apphca.tmn to the truck bolster.in’ place of a conventmnal
‘double roller side bearmg It is designed to use the working parts of two

' S1mp1ex snubbers of the type’ that were used successfully for many years in the
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1 spr1ng cluster ‘of conventmnal trucks before bu11t m snubbmg dev1ces came

_into general use. The side bearmg is shown’ in F1gure 5- 3

: Rock control is obtained by dissipating the kinetic energy of the body rockmg
~ on the truck bolster center ‘plate and by cush10n1ng the motion of the body

"~ to prevent heavy impact blows which promote wheel lift and structural damage .

. With a snubbing action at the side bear1ng, normal a.ct.ton of the truck sPrmgs

and snubbing elements is not affected permitting the main truck susPensmn

_to bétter perform its mtended function of providing an acceptable vert1ca1 ride.

' Thé snubbing ~i1nit maintains contact with 'the body side bearing at all times
| and when the body rocks to one S1de, the unit’ on that side is compressed
- against friction snubbmg whilé the unit on the other side extends to follow the
. body side bearing. At the extreme rock cond1t1on, the body stops movmg and
| reverses direction. At that time, themwmnit on the far s1de begms to be com- :
pressed against friction snubbing as the_ body rocks toward it and the unit
“which has been compressed begins to extend following its body side bearing.
| This sequence of alternate compress'ion and extension continues as long as
the body is r0cking, with kinetic energy being dissipated .with': each strok’e by
fr1ct10n elements in the s1de bearings. The rock control action /sequence is
gshown in F1gure 5-4 and a. typ1ca.1 load deflection curve in F:Lgure 5-5.
. The. o_;-ig_jlnal,‘l_onger travel springs (,4-'5/ 16 inch)were designed and tested for
identified reserve energy requirements'and‘these 'characteriStics have been .

1ncorporated in the new AAR D-7 sprmg The present generatmn of T-11

. suspens1ons W111 use the- D-7 spr:ng The benef1ts of the 1ncreased ab1hty

4 to absorb energy w1th1n the susPensmn system are the ehrmnatron or at
'reast a reduc:«tlon of the nu.tnber of oversolld spring excursions and a reduc
tion in the number, as well as magmtude of vert1ca1 accelerat1ons. Coupler
_helght range from a 11ght to loaded car, as compared to convent1ona.1 trucks

with D-5 sprmgs mcreases approx1mate1y 1/ 4 inch.
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ﬁse of the Simplex constant-contact s:';d:e bearing, in addition to vg’rti‘éal
damping, also prox;ides a rotational restraining force designed to control
excessive truck swivel.. This reduction of swivel or hﬁhting results in a
consequent feduction of harsh contact between wheel flanges and the rail
and an improvement in the lateral ride. This, in turn , reduces flé.'nge
wear and decreases derailment tendencies. Manufacturer's tests indicate
: a_vertical ride improvement with a loaded car of 150 percent and a.‘ lateral

ride improvement of 300 percent with an empty car.

The manufacturer claims the following advantages for the T-11 Suspension

" System:

-.®. ILess damage to lading

. @ . Longer car body life
v @ . Less wear-on all truck parts

.. '8 ., .Reduced damage to track

5.2 ~ FEASIBILITY
Numetous tests were run ,uéing the ASF test train ,on various railroads and
at the Gfound Traﬁsportétion Test Center in Pueblo and it has demonstrated
no unstable characteristics. It is also approved by the AAR for application
to sensitive cars to control ""rock and roll." There is nothing unconventional

or unfri_ed about this aﬁproach and it is entirely feasible.

5.3 ° SERVICE EXPERIENCE

There. has been extensive testing of this design and as of November 1974,
there were approximétely 2,000 car sets in service. ASF Service Engineer-
ing people have a continuing inspection program of the T-11 systems in

service to develop a history. These observations, together with customer



reports, indicate nothing of an adverse nature developing to date. Wheel
inspections are being conducted at periodic ‘intervals, but time in service
'ha,s not allowed for development'éf: po'sitive data. 'Ca.'r> and truck stability |
seem to have beeﬁ accomplished i'n"servi_ce and predicted improved life of

components seems, accurate based on early data.

5.4 AVAILABILITY

The system was developed and is manufactured By American Steel Foundries
and the major parts are cast steel. There should be no problem in obtaining

special items such as the Simplex side bearing from ASF,

5.5 COST FACTORS

"The system as geséribed herein has a present first cost 23 percent higher
than conventional trucks having 3-11/16 inch spring fralvel. ASF also offers
the basic truck design (4-1/4 inch sPri.ng travel and the T-11 snubbing elements)

with optit‘)nstas to added devices at 1-1/2 percent over their conventional trucks.

One of the ma_jor design criteria for this coﬁcept was to p;;ovidé improved
component life and they have provided a 16;inch diameter center platé with
improved rim design, improved application)c;f friction piates , pedestal liners,
and improved cast-steel friction shoes, all of which should result in reduced

. maintenance cost\s.' In addition, improved perforrn.an‘ce, ‘such as reduced
hunting, etc. ,qshould result in a corresponding reducfion‘ in wheel wear and
general truck and car body deterioration, which would be reflected in reduced

maintenance cost.
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o Dear M Sealess - L L

Per our latest ccmversatmn, I have enclosed herem’ch the natenal

o .'_Bsyle Taboratories used:in the last.TDOP, In-Progress-Rev:Lew last S
- ‘month,. I-have. also:instructed them that your name be’ adde@. to the .

,_‘-mallmg hst of future meetmgs of such: nature., “j,.‘r»; T el

; o Smcerely

cc ’ARRD—l w/o encl.

: -mm-ll ‘Reading Fllé w/o encl ..... =

RRD:11, Official File (.~ ,). . W/c encl R

f."NTSAI dp RRD-11:1-16-79

Ll 55Your coments and suggestion ‘on the TDOP program are nostly appre- S e
o <~.‘01ated_ EarD e o ~T,-':,,; 7 I : o L
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- "Burlington Northern .~ - . . Cer T e i T e T e e T
. " 176 Fast 5th Street O
St. Paul, MN 55101 : D T PR R

o Dear Mr. Bichsel.
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_"_,Bv capy of thxs letter 1 would like hir. S Gums tca supply comments also. We hcpe

Tt

y "‘..,both TDDP and FAST pregrams. s :f f‘ e

o ","'1- P ":';l;r. _5 . Smeere!y,

'-'Erelosure ‘. STy

- 'G. Bakken, Wyle w/o enclosure
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Section 6

' CANADIAN PACIFIC - HYDRAULIC INTERBOGIE COUPLING DEVICE

61 TECHNICAL

. In'1972, Canadian Pacific initiated a ‘study to.assess metbods to alleviate
accelerated wheel flange wear (65,000~ 70 000 mlles of wheel 11;fe) be1ng
'experlenced on the1r ”bathtub” unit tram coal cars. " .
Tahey dec1ded to te st a ”hydrauhc 1nterbog1e coupling dev1ce” of. SWISS
manufacture des1gned to mterconnect two r1g1d trucks on the same car in
such a manner as to allgn the trucks more effectwely on curves . The
purpose of this device was to reduce wheel flange and rail wear by lower-
" ing the flange forces and reducing the striking ang_le_ (angl..e of ‘attack) dur-
'ing ciirve ne'gOtiation; ' This hydraﬁlic interbogie cén-he'c"toj_r“ is similar in
.cc'mcept‘tod' the mechanical interbogie connectors in use on many Furopean
locomctives . If the concept proved to be‘succe"ssful, ‘it was envisaged
‘that it could be used in special applications, prov1ded it could be econom- -

“ically Justlfled

. This steering device was deeigned for use with rigidiz‘ed,‘(‘stabilized) trucks
that would not '"'parallel‘o.g'ram”: therefore,' before embarking on a test lof

the S\i?iss device, it-was necessary for Canadian Pacific to develop an
effective and -safe method of stabiliiing' conventional trucks to hold them

rigidly in tram.
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They developed two designs of the same genera.l type stabilizer. One was
calied the '""Saddle Plate Stabilizer ', " shown in. Fi‘gure_ f’fl’ and the other
was the "Gusset Plate Ste.bilizer,” shown in Figure 6-2, In order to
assess whether these stabilizers were safe to operaté in general service,
it was decided that, prior to releasing the cars equipped with the stabiliz-
ing ‘units‘for the extended period necessary to evaluate wheel wear and
maintenance r'equirements, tests would be condueted under controlled

" conditions.

Extensive tests were made on the two stabilizers during February and

March of 1972 while in place under the "A'' end of two of their ""bathtub"

— coa.l cars, It was noted ‘that ne1ther of the stabilizer des1gns made the

; truck frame completely r1g1d as Would be the case with a one- p1ece frame
truck however, the “Gusset Plate" de81gn proved to be more effectlve in
improving truck stlff.ness. Following a test sequence, Whlch cons1sted of
stat1c testmg and a series of mstrumented road tests, the trucks equ1pped

o w1th the stab111zers were perm1tted to enter unrestrlcted serv1ce.‘ ‘

6.2 FEASIBILITY
+; In-April and :May of _1;9..74{,'Ca'nadian Pacific undertook a series. of tests to .
’ -~'d"etermine the-effectiveness of the Swiss hydraulic interbogie coupling

. device; (:;.a; schematic diagram of which is shown in Figure 6-3.’

Two ‘fiJ,lly-laden, 100-ton-capacity-coal cars, equipped with hydrauiic

interbogie coupling devices and side frame stabilizers, were testedAat the

Canadian ‘Pacific’ yard in Montreal on a 5-degree curve to determine the
effectiveness of the interconnector in reducing lateral force levels and

| angle of attack., The two cars V'vere tested with both the interbogie cou-

pling and stabilizers working,: with the interhogie coupling working alone,

- with.the side frame stabilizers working alone, and with both devices

inactive.



Lateral force measurements were made using Canadian National Research
- Department's instrumented base plates, Two base plates were installed on
vthe outer rail of the test curve and one on the inner rail as shown in Figure
6-4. The base plates are designed for measuring both lateral and vertical

tie-plate forces, but only lateral forces were analyzed in this test series.

Results of these tests were contradictory to what was expected, as lateral
forces were higher with the stabilizer and interbogie coupling activated
than without. Test data indicated that the device was apparently ineffec-
tive in reducing lateral curving loads as measured by the base plates. It
was also noted that with profiled worn wheel sets on one car, there was a
reduction of lateral curving forces as compared to tests on the same car
with ne\;x/ AAR contoured wheels. The test consisted of 20 runs encompas-

sing a speed range of 5 to 15 mph.

It wé,s decided, in view of the inconclusive performance of the device in
reducing lateral force levels during curve negotiations, that further test-
ing should be undertaken. A road test was conducted to determine if the
hydraulic system was functioning as designed, and also to determine the
force levels in the mechanical linkages joining the side frames of each

truck.

6.3 SERVICE EXPERIENCE

Other than in the test runs referred to in Paragraph 6.2, and transfer of
the cars from Calgary to Montreal for evaluation, there has been no

service experience,

6.4 AVAILABILITY

There is nothing about the device that would not be available or could not
be produced commercially. Should it prove sufficiently successful, there

should be no problem with availability.
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2645 ' < COST FACTORS:

B As the hydrauhc mterbog1e couphng dev1ce ha.s only been produced as an
: experunental unit for two test cars, no figures are a.vallable on productlon
costs.‘ L1m1ted operatmg expenence with the mterbogie equlpm,ent indi-

ca,tes that ma.mtenance requ1rements would be appreciable.’
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Section?

ACF FABRIGATED TRUCK

The truck under. development by - Amca.:r Dmvas’m,n of 51‘1¢C*F Industmes i ef

'jfio-r <~manu£acture as well as anra:»ttempttm reduce. wveslig.-ht and-co. stx. ot aes
-made up: of tw.o $s1de frames and-a- bolster\wath @ secondary spring group

in a somewha.t conventm,nal arran_gzement but, in addltion,, has ‘a tie

between the side frames and is equipped W i "mau"-.l;c snubbers. The

truck arrangement is shown in Figures 7-1 and 7-2.

":__-There is a flat iectangu—la‘r plate in 3 horizontal @'os'i"t‘ioh that ties"t’he ;two;

L ”Slde frames togethe;r des;Lgned to hold ‘the truck frame :r1g1d whlle "prov1d-_

ing add1t1ona1 equahzatmn by allowing the side frames to rotate relatlve
to each other. It is anticipated that heldlng the truck rigidly in tram w111
materlally reduce unstable huntmg, thereby reducmg wear, w1th1n the .

| :,truck and car as well as to the track,

- The pads directly ever t-he side frames shown in Figure .6 1 c‘ax;r'y all the
‘ vertlcal load of the car, g1v1ng a w1de base Wh1ch assists in better roll
control The s11d1ng surfaces between the car and the truck are of
spec1a11y developed materlals designed to g1ve a low and essentially

constant, coeff1c1ent of. fr1ct10n. The truck is pivoted on a conventional



bodyfcénter:pl‘a,te ,mating with the truck center plate, which d»oes'not trans -

mit Ve_rtica.l loads.

The springs are conventional AAR springs arr.an‘ged to provide a two-step
spring rate. When the car is unloaded or lightly loaded, more than nor-
mal spring travel is perrhitted which allows the four-point suspension to

© accommodate twisted track.

The journal bearings are mounted in half:rubber journal sleeves which
provide an elastomer primary suspension that filters high frequency input
which means that shock loads are materially reduced to both side .fram:e
and track, . - |
The snubbers shown in Figure 7-1 are hydraulic shock absorbers selected

«be-{ca,pseﬁthey are high-production units of reasonable cost. _
: e G E T .N;
7.2 . FEASIBILITY-

Two car sets of prototype’ trucks have been built‘and an initial test-pro-

FRTRPO SR

gram is being run by ACF which they expect to complete 'by mid-1975.

“To daté . ‘the tests show a successful pérformance with noticeable.improve-
“rhent in Fock and roll with reduced wheel lift. Tests were pe-rform,ed:“ under
;'c‘:“éhf"’erﬁ-f;ldw covered hopper cars. '

-Ori“g”i;ri‘;all’t tests show‘ed‘j more friction at“i;he sliding surface between the-
trﬁck bearing surface and the car than desired; however, new materials

developed for this interface have minimized the problem.

" The approach appears to be feasible both-from manufacturing and per-
formance standpoints. Design features requiring field testing include
the beajrihig surface between truck é,j'hd*carbddy;Athe:,hyd-rauli-c snubbers, -

the ‘elastomer pads af'the journals;as well as the welded construction.
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7.3 ' SERVICE EXPERIENCE

Other thén the tests referred to in Paragraph 7.2, there has been no ser-

vice experience with the truck.

7.4 AVAILABILITY |

The design is a proprietary develb_pment by Amcar Division of ACF

Industries in St. Charles, Mo., and would be availab_lé from them.

7.5 COST FACTORS

It is the aim of ACF in this development that the truck be’ compet1t1ve

with standard trucks in first cost with substantially less malntenance

costs. The hydraulic snubbers are the same units used on some loco-
motives and transit cars and experience indicates good reliabiiify. The
fact that they are high-production units .shoﬁld result in.loﬁv replacement
cost. Most .par.ts which might require replacement ar-ei ',étahda,rd._ |
Improved tracking characteristics would result in reduced truck and

wheel wear as well as track wear.
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Section 8

" NATIONAL SWING MOTION TRUCK o .

8.1 TECHNICAL

The “Sw1ng Mot1on" truck developed by Nat10na1 Castmgs Division of Midland-
Ross Corporatmn is made up of two cast-steel side frames and a cast-steel
truck bolster arranged in a conventional manner'.' It has standard wheels,
axles, roller bearings, roller bearmg adapters, truck center plates, and s1de

bearmgs .. Arrangement of the Swing’ Mot1on truck is shown in F1gures 8 1 and 8-2.

i The" truck is held‘ in tram and prevente'd from "parallelogranuning" by incorpo-

rat1ng a transom connectmg the two side frames through special rocker scats
and thelr mating longltudlnally spaced rocker bearmgs . By virtue of this des1gn,
the vert1ca1 load catried. by the truck, w1th the frictional resistance against
rotatlon, augmented by shape of the rocker bearmgs, res1sts unsquarmg to a
considerable degree but does not completely ”r1g1d1ze” the truck to the same
extent as would a one p1ece frame. Arrangement of the rocker seat is shown in

"Figure 8-3, S ;_e

: The transom connectlng the two side frames serves a dual purpose the ma_]or
. one being to prov1de for controlled lateral mot1on., ’I‘h1s is accompllshed by
the transom connecting the two side frames (and supporting the load spri.ng‘s)

ha‘ving' a‘rocker\ connection with the side frames through the aforementioned



rocker bearings. A rocker connection is also provided between the rolles
bear_ing' adapters and the side frafnes by the use of special pedestal rocker
seats. This arrangement permits the side frames to swing laterally m
unison as pendulums or '"swing hangers." Swinging of the side frames is
stopped by contact between the side frame tension member and underside of )
the wocker seat. The clearance between these stéps perrﬁits a 3° side frame
swing to each side from the center. The resistance to lateral motion is de-
pendent on the weight of the car (with its lading) and is "controlled'' by the
‘natural tendency of this heavy pendulum to return to bottorn dead center. An
é,'dd'itional 5/8-inch lateral motion to each side (resulting in a total of 1-1/4
inches) is obtained by lateral deflection of the.lbad springs. This principle of
obtaihing controlled lateral moti.o'n is illustrated in Figure 8-4.

The feature for control of ''rock and roll" is illustrated in Figu;re 8-5. It is
aécomplished by eliminating conventional gibs on the ‘truck bolster ‘a.nd 1:;1*6-
v1d1ng lateral stops between the bolster and the transom at the helght of the
side frame sprmg seat. As 1nd1cated in the illustration, reducmg the over-

' turnmg moment of the truck produces a natural control for rmmmlzmg car

roll without special ant1 roll devices.

The truck is provided with "two-stage,' long-travel, load sprinos . Thé dual
rate is accomplished by utilizing shorter immer coil springs, which are held in
place by spe01a1 hold-down’ cups a.nd springs on the top of the inner co1ls. ThlS

principle is illustrated in Figure 8-6.

The manufacturer makes the following claims for this 'deve]‘.opmént:-'

o Eliminates unstable truck hunting .
° Provides controlled lateral motion to minimize lateral shocks
e  Minimizes '"rock and roll' with consequent possibility of derailment

° Makes significant reduction in lading damage

° Makes significant reduction in center plate wear and allows
elimination of hardened wear liners ‘
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. a Makes~significant reduction in wheel and rail wear
N Prov1des a '"soft'" ride for light loads and adequate spring
capac1ty for heavy loads

P~

8.2 FEASIBILITY
A number of railroads have run tests on the Na,tional Swing Motion truck,

and considerable data are available on its pevrfor'rnan'ce'.

In 1968, high-spee_d road tests were run on the Santa Fe to obtain data 01,’1 _
performance of the Swing Mot_io,ﬁ truck as .compared to conventional trucks.
T‘esf re.sults show that the truck was stable with no evidence of unstable
lateral hunting up to speeds of 93 mph which was the ma.xunurn speed obtained.
/:C‘anyeni’:glof%al_,lfj;rucks in the test were" anstable at-speeds,m'rer 55 mph. The -
: ia:teral ride qﬁality of.the car equipped with Svﬁng Meéion trueks ‘was supe'r‘ior
' to the latera.l r1de of a car equlpped Wlth conventmnal frelght car trucks.. The
vert1ca1 r1de of a 11ght car equ1pped w1th Sw1ng Motion trucks havmg the two-
stage load sprmgs was cons1derably unproved over conventlonal trucks; however,

with fully loaded cars, the vertlcal ride was about the same.

In 1968 and 1969, tests were made by the AAR (on L&N tr’ack) of the roll
chara.ctenstlcs of the Swmg Motlon truck These tests mdlca.ted the truck
_to be satlefactory under roll conditions and conmderably superior to conven-

n

tlonal trucks. These tests are covered by AAR Test 4Report LT199.

A joint road test was run in Jenuary-l‘)?l by Pacific Fruit Expr'ers's Co., . :
Southern APacific Transpoftation Co., and Union Pacific Railroad. This test
was made on refrigerator cars and test data indicated a considerably improved
ride for the Natieﬁal truck over conveniiional trucks. Three car sets of

) National Swing Motion trucks were placed in service 1\vmd.er PFE refrigerator

cars in August of 1970 for a continuing service test.
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In December of 1974.and January of 1975, two of the test trucks under the
‘PFE cars were routed into National Castings D1v1$1on s Technical Center

in Cleveland, Ohio where they were completely dlsa.ssembled a.nd all parts
inspected. Results of this insPectloh are detailed in the National Techﬁical-
Center report of July 8, 1975. The cars had accumuié.ted an average of
215,000 miles at the t:.me of inspection and were in good condition W1th
minimal wear. Pro;ectmn of the wear rate indicates that m11eage before
repair or replacement of parts w111 be required should be between 450 000 |
and 500 000 miles for items such as bolster ends, center pla.tes, s1de frame

columns, etc., and between 600,000 and 700,000 miles for wheels.

In May.of 1971, a joint road test was run by the Southern Pacific and Union -
Pacific between Las Vegas, Nevada"a.nd Yermo, California to determine the
cause of a number of single-axle dera11ments and to establish the reason for

unstable ride cha,racterlstms of empty bulkhead flat cars.

The empty_ flat cars teSted with eenverltional trucks showed unstable hu'ﬁting
at spe'eds of 50 mph;' ‘At speeds above 6Q mph, the unstable hunting pro'duce'd_ .
accelerations of s'ufficieht‘ magnitude to exﬁlairr the -'single—axie,‘derar,inlrnentsv.
The -National Swing Motion truck was tested and no ;Jnstable lateral truck |

hunting was observed up to speeds of 77 mph.

Road and service tests that were reviewed seem to confirm the manufacturer's

claims and the truck design is considéred feasible and operational.

8.3 . SERVICE EXPERIENCE

There are 460 car sets of 70-ton-capacity National Swing Motion trucks in ~
- service under box, hopper, auto rack, flat, and refrig'erator cars. The test
trucks applied under the PFE refrigerator cars in 1970 have now accumulated |

over 200,000 miles with no service problems experienced to date.
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There are 200 car sets of 100-ton-capacity trucks in service applied to
Union' Pacific high roof box .cars and bulkhead flat cars; however, these

applications were recent and no service experience is yet available.

8.4 AVAILABILITY:

The Swing Motion truck is a proprieté.ry item manufactured by National
Castings Division of Midland-Ross Corporation in Sharon, Pennsylvania,

and. is 'availabie from them.

8.5 COST FACTORS

First cost of the Swing Motion truck is approximately $2,500 per car set
.highei' for the 70-ton version and $2,600 per car set higher for the 100-ton

version than that of conventional trucks.

. Wear,pai:terns observed to date indicate that maintenance costs will be
considerably less. Wheel wear is reduced appreciably and other wearing
parts of the trﬁcksl, such as center plates, ‘show much less wear than

" conventional trucks. Manufacturér"s estimates indicate é saving of $9,000

[}

in one million miles.
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FIGURE 8-1
NATIONAL SWING MOTION TRUCK



NoTE :

LOAD SPRING GROUP - 442" TRAVEL

6-OUTER COWL. SPRINGSE ~ 42451
4-INNER COIL SPRINGS  —~ 48460

2-WEDGE SPRINGS -~ 48448
4-HOLD DOWH SPRINGS  ~ 48450
4-FRUTION WEDGES - 48446
2-SIDE  FRAME - 48440
1-BOLSTER - 48445
1-TRANSOM - 48447
4-6x1| STANDARD ADAPTERS
2ROCKER SEATS -~ 48444
4ROCKER SEAT BEARINGS - 46443
4PEDESTAL ROCKER SEATS - 48441
4FRICTION WEAR PLATES - 49042
1*D.L.F. BRACKET . -37047
I-VERMICAL RING WEAR LINER - 43282
4-SPRING CUPS -48449

],mm,, ' -6xIl SWING MOTION TRUCK

GENERAL ARRANGEMENT ” -
o — VAR. CONTROL & LONG TRAVEL SPRINGS

PER SPRG. GROUP

FIGURE 8-2

ARRANGEMENT - NATIONAL SWING MO TION
6-7 ‘
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Schemati¢, Diagram of Rolling Cars

I S

- N\ Cé.r‘ Center - _ /“* \\ Car Center
\ ) of Gravity : ' N of Gravity

. . .
: R . S
. . ' h

Lateral | 4| ¢ |
Force '~ a

. 1 o |
7///.///‘//7//7 7/////,l//////
' (B Center of S R o Center of
. Rotation - : .. | .. Rotation
'Conven)tional Truck ' C : ' R Swing Motion Truck

When a car rocks, lateral forces are trans- On the Swmg Motion truck the lateral stops are
mitted through the bolster gibs to the side- lowered. The lateral forces are transmitted from
frame columns. The distance from the line of the bolster bracket to the transom and to the side
lateral force to the center of rotation times frame through the spring seat. This reduces the
the lateral force equals the overturning mo~ | distance to the center of rotation and thus reduces
ment of the truck. This overturning moment the overturning moment. Wheel lifting and derail- -
can cause wheel lifting and derailment ment are m1n1m1zed

FIGURE 8-5
ROCK CONTROL
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ROLLER BEARING ADAPTER(—

' 'SIDE FRAME

h__‘

BOLSTER

I, W .

- TRANSOM AN

“(A) CENTERED POSITION -

\i\N TRUCKE . |

- ';’A A R. CLEARANCE\

OUTLINE —— \&
PLATES B&C  \’

L g

| ;1 CARBODYG ..

‘ |4 LAT. D|SPL — ““

(B) LATERALLY DlSPLACED POSITION

FIGURE 8-4

TRUCK LATERAL.
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Section 9

UNION INTERNATIONALE DES CHEMINS DE FER Y-25 TRUCKS

9.1 TECHNICAL

The Union Internationale des Chemins de Fer (Internatlonal Unlon of

Railways) with headquarters in Paris has developed a ”fa.rn11y” of frelght
car trucks (bog1es) des1gnated as the Y-25 ser1es. The major manufac-
turer of these trucks is the Soc1ete Franco- Belge de Mater1e1 de Chemms‘ .
de Fer who supply European railroads with f1ve different types of the |
Y -25 truck "They also Supply various types of special’ trucks a.nd other

railroad freight eqmpment.

The Y-25C type truck has Been in serv;.c-e since 1965 and is designated
for "'S" speed which is 100 km/hr. It is the most widely used Y-25 truck
| in service; however the Y-25Cs, which is a later version, is the only
standard truck that has been fully approved by U.I.C. for gt service,
TI;e Y-25C. is shown in Figure 9-1 and the Y-25Cs in Figure 9-2. -

‘The truck is a. fa.bnca.ted type with bolster, side frames, and end t1es,

welded into a one-p1ece,r1g1d frame. It has a primary spring system with
frictioﬁ sriubbers at each axle box which are load sensitive. The truck has
conventionel br'ake' beams and levers and is rigged for clasp brakes. Itis
fitted with rigid frict{on side bearings located on the bolster imrnedia,teiy ‘

" inboard of the side frames.



‘ - The truck has roller bearing axle boxes (217 x 130 mm journals) mounted
at the side frame pedestal in a conventional manner for a primary Spring
arrangement. It is held rigidly in tram by nature of the rigid truck frame.

There is no provision for controlled lateral motion.

9.2 FEASIBILITY

© The Y-25 series trucks have been in service in Eurof)e since 1965 and are
used extensively on European railrbad.s. Tests run by U,I.C. indicate
that the t:fuck is stable and operates safely up to 120 km/hr. Results
indicate a significa.nf improvement in ride quality, particularly in the

lateral plane,over the conventional three-piece design freight car truck.

The design is feasible and performance should be coh;para'ble to any

simil_af- rigid frame truck with a primary spring arrangement.

‘9.3 . SERVICE EXPERIENCE

Over 60,000 car sets of the Y-25 design have been placed in service since

1965, and the manufacturer claims an entirely satisfactory performance.

9.4 AVAILABILITY

An Americanized version of the Y-25 truck would be available from
European manufacturers; however, there is nothing about fhé design that
would preclude its being mass produced in the United States should this

become desirable.

2.5 COST FACTORS

Precise cost figures, as compared to conventional design trucks in the
United States, are not available, but while it is considered a "premium
high-speed truck,' there is n‘ot]ﬁ‘ng about the design that would indicate

an excessively high first cost.



The manufacturer's statement on‘maintenanc'e‘.cost is "our trucks are only
checked every five years,! and that such costs are "a.ppreciabiy reduced, "
Unstable hunting should be reduced by the rigid frame design with a cor-

responding reduction in wheel wear as well as wear on other truck pa.rts;

9-3



e

N 7
s sl s

* gl

Sy

S e
ey
2

S

o
.
ik

»
- - “ - ? S
[

L
s 2
.

e
vt

Bk

- TN

FIGURE 9-1
Y-25 C TRUCK

9-4

B

i

Lo f‘%“z"% ’
R
.

.
.
AR

e
et

iy
e

T

i

o

Ak

x
o

5
L
G

A

i

;g"l\?
&

R S L A



FIGURE 9-2

Y-25 Cs Truck

£ - 2 59g.5



Section 10

GLOUCESTER GPS-25 TRUCK

10.1 TECHNICAL

In the late 1960's, the British Railways Board advised all truék manu-
facturers in England that because of excessive .track da'mag; and wear
on conventional three-piece trucks, consideration must be griv,en to the
design of a primary suspensic&n truck. Bfitish Railways subsequently
made it mandatory (1971) that all types of freight vehicles having gross
"laden weights of 90 and 100 (UK) tons be equipped with rigid frame,

primary suspension type trucks.

The major manufacturer of this design truck in England is Gloucester
Raiiwajr Carriage and Wagon Co. They have designated their design as
the "GPS-25" truck for "Gloucester Primary Suspension' with 25-ton
axle 1pa.d capacity. Truck arrangement for use on British Rails is ghown

in Figure 10-1.
The design consists of a one-piece, all welded "H" frame, with eifher a

two or a three-stage primary suspension, load-sensitive friction snubbers,

a ""hemispherical' center plate, and resilient side bearings. It can be
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fitted w1th either conventional inside brake beams, clasp brake or

disk brakes, as desired. Gloucester has investigated a cast-steel. .

design; however, to date only a fabricated version has been manu-

factured. The truck frame is a box section, fabricated from steel

plate. It cOnsists of two side frames and a bolster built as a rigid '""HY
frame designed to withstand all loads without the use of end transoms .’

| De81gners worked closely with the British Weldmg Institute to engure

that correct welding design and techn1ques were used - A photograph _

of the truck for Br1t1sh Rail (utilizing clasp brakes) is- shown in Figure 10-2.

Friction snubbers are arranged on the outboard side of the axle box and

- -consist of an 1nc11ne -plane pot/cap dev1ce wh1ch in turn, forces a .
friction pad aga1nst the fr1ct1on surface of a saddle casting. The device |
is load sensitive by reason of the incline -plane pot/ cap being fitted as a -

' support cap for the outboard springs. The snubber: arrangement is shown R

~in Figure 19 =3." The axle box, and sprihg arrangement is shown in. Flgure 10-4.

10.2 FEASIBILITY.

In 1971 a r1de test was conducted on the fabr1cated vers1on by the Ch1e£
Englneer, Traction and Rolhng Stock Department of the Br1t1sh Railways
Board. This test is covered by their report No. 'I‘-189, dated August 1971.

The conclusmns of th1s report indicated that the GPS-25 r1g1d frame truck
has overcome the mam dlsadvantages of the three -p1ece deS1gn by producmg
a sahsfactory ride at high speeds in conjunction with a low rotatmnal re- ,
sistance and therefore renders the GPS design more su1tab1e for hlgh speed .
:Erelght service. Although only tested at 70 mph, the trend of the ride mdex
curves mdlca,ted that w1th suitably matched susPensmn charactemst:lcs the

riding propertles will. be satlsfactory for vehicles runn1ng at speeds up to
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75 mI;h. The low rotational resistance obtained without cietriment to
lateral riding properties should insure low flange wear and'imp'rove'
safety from derailment on slow speed curves. It was further concluded
that the test tank car, fitted wi_th GPS-25 trucks, Wa.s acceptable in
'te'rms of riding properties, rotational resistance and torsional. stiff_nessq
characterisﬁcs for operation on British Rail Lines at speeds up to

100 km/hr e‘mpty or loaded.

British Railways Research Department made a ""Static and Service Stress
Measurement and Fatigue "As sessment'' on the fabricated prototype in
1971. These tests are covered by their Research Department's report of

February 1972.

. The measured stresses confirmed the calculated désig_n stresses in most

- places where the loading was relat‘ively simple; however, design calcﬁlations
did not predict the inﬂuence of thé major structural discontinuity at the

side frame -bolster éon.nectio»n. Critical weld details in this area were
subjected to a ''fatigue damage estimate procedure" which predicted
inadequate service life. Modificatiqnés' to improve the expected service

life at fhese areas beyond 2 million ;'niles We4re~ suggested and adopted.

After modification, the design was cpnsidered to be adei:luate.

A 70-ton-capacity, Americanized version of the GPS-25 truck was tested
extensively by Tra;ileli Train in 1974. They examined the com-

parative ride qualities of several trucks as opposed to conventional
three-piece freight car trucks. These tests were rhade on a 70-ton-capacity
containér car. Truck arrangement of this version is 'shown in Figure 10-5

and application to the Trailer Train car is shown in Figure 10-6.

Levels of lateral car body acceleration at each end, car body lateral

translation, and car body yaw were all reduced with the GPS-25 truck.

It was observed that wheel-set motion is 'quite different from trucks that
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provide for lateral movement. : On the GPS-25 trucl;' wh,eel.,ls,ets. were
virtually moti,onless m the lateral d_ire):_ction in relation to the car body.
This was attributed to the resilient s.ide bearing's tendency to restrain
motion of the truck frame in the lateral plane rather than to basic design.
Results of these tests indicated that the GPS5-25 truck was stable and .
gave an acceptable ride performance. Overall performance was considera-

bly improved over conventional trucks.

.~ The GPS-25 truck is similar in design to the UIC Y-25 truck used in
France, so, considering the experience in Great Britain, Eufope and the

United States, the design appears to be entirely feasible.

10.3 SERVICE EXPERIENCE

There are about 150 car sets of GPS-25 trucks operating on British rail-ﬂ
roads under all types of freight cars. The first of these cars was placed

in service in 1971 and to date no problems have developed.

10.4 AVAILABILITY

Gloucester Railway Carriage and Wagon lCo. has a licensing arrangement
with Buckéye Steel Castings of Columbus, Ohio, and an Americ'anized ‘
version of the truck rﬁay be available from them. The test trucks used by
Trailer Train will proBably be available for test in the TDOP program,

if desired.

10.5 COST FACTORS

Little information is a:vailéble on costs as compared' to conventional de sign
trucks in the United States, but while it is considered a premium truck there

is nothing about the design that would indicate an excessively high first cost.
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The Br1t1sh estlmate that first cost of the GPS-25 truck is 27 percent higher

than their conventional three-piece truck.
The rigid frame design and resilient side bearings should materially

reduce unstable hunting, thereby reducing wheel wear and lowering

general truck maintenance costs.
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Section 11

SYMINGTON XL TRUCKS

11.1 TECHNICAL '

The Sy'rnmgton XL truck was first produced by the Symlngton Way'ne
Corporation in 1946 in a 50- ton capacity, solid bearlng design. In
1965, they started producing the 70-ton capac1ty, roller bearmg

version known as the XL-70.

‘ »The truck is made ﬁp of two cast-steel side frames conhected by a
cast-steel bolster arranged in a conventional manner. It has a primary
spring arrangement using separate journal housings, | eacfl wifh
supporting coil springs and friction elements. Arrangement of the -

XL-70 truck is shown in Figures 11-1 and 11-2.

The journal housings are provided with side brackets which rﬁount two
long travel coil springs that support the pedesta.i ~-type side frames as
shown in Figure 11 3. The 1egs of the pedestal jaws of the side frames
provide recessed channel walls The inside vertical walls are prov1ded
with hardened wear plates, and an expanding-type friction arrangement
~ is carried against the side of each journal box. A hérizontal section of

this arrangement is shown in Figure 11-4,

11-1

[4



The friction arrangement is constrained to move vertically with the
box, but is free to move laterally. The friction springs within the
snubber shoes expand these shoes against the angled walls of the
pedestal jaw wear plates., The pressure between the friction shoes
and the pedestal wear plates, with resulting friction, controls vertical
movement. The effect of the slope of the angled sides of the jaw is to
create a force component acting between the face of the friction shoes
and the liners on the sides of the box. This component ié lower than
the pressure against the sides of the pedestal jaw liners and is suffi-
cient to give some control of lateral movement, but does not delay
restoration of the journal box to its normal position laterally. The
arrangement provides 1-1/4-inch total lateral motion and gives a

measure of control laterally as well as effective vertical snubbing.

The truck is held in tram by a locking arrangement between the side
frames and bolster and is maintained within a small variation by a close
fit between bolster end flanges over the center member of the side frame.

This locking arrangement is shown in Figure 11-5.

The side frames can function as equalizers bf being free to rock fore
and aft in relation to the bolster to maintain equal deflection of all
pedestal springs regardless of track irregularities. The rocking of the
bolster on the side frame member is permitted by providing a large

radius on the end of the bolster where it contacts the side frames.

The trucks are designed for standard hanger type brake beams and
usually provided with conventional roller side bearings. Assembly and
disassembly is reasonably simple and is performed essentially the same

as conventional freight car trucks.



11.2 FEASIBILITY

- After considerable teating by Symington Wayne during the design period,
the first "XL'" trucks were placed in service in 1946 and .135'”sets‘ ‘of
50-ton-capacity trucks were put in service from 1947 through 1963, A

" survey conducted in 1963 indicated that of the 135 sets, 133 remained |
in service. ‘The trucks were applied to-\_r'a.r'ibus’.typesl' of caré:‘~bux,

gondola, stock, baggage express, and refrigerator express.

The PFE Company's express relfrige‘ratOr cars equipped with these trucks
in 1948 were later downgraded to general freight service and continued

in use for the remaining life of thé ars. The t‘rucks were then ‘tré;ns-

" ferred to newer cars and kept in service: for several additional years.

It is estimated that t'hese'"vtruelrts ‘aecumulat'edv in excess of one million

" miles and maintenance costs were confmed mostly to wheels, bearmgs ,

and brake parts

'H Based on success’ of the ongmal '50-ton- ca.pa.c1ty truck the XL 70 truck
was mtroduced m 1965 Ten car sets were a.pphed to mechamca,l re-
fngerator cars and in 1966 thirty-five car sets apphed to Flex1 Van
piggyback flat cars (for container mail movement) used in head- end
hlgh-speed service. Also, ten car sets were a.pphed to Southern Pa.c1flc

Auto Rack cars in the 515000 series between May’ a.nd-vOct_‘ober.-of -1970,

}'Tﬁe'se'a.i)fpiications have proven this approach to be.an ‘entirely feasible
' and‘a stable design. ' '
" 11i3 ' SERVICE EXPERIENCE '

The ten car set‘stapplied to rneehanical refrigerator cars were r'el_eased o
for service in May 1965 as part of Pacific Fruit Expres'sj Company's test

. program 'to;eiraf.lua;te various types of improved trucks for perishable
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servite. Results of this test showed that ride qualities were eonsiderably :
better than conventional trucks and the service test has shown that the

' trucks are (W1th the exception of wheels) essent1a.11y "maintenance free”

as compared to conventional fre1ght car trucks. The ten car sets remaln
in service under refr1gerator cars and are available for inspection. They

“have now accumulated approximately 500,000 miles.

-. Two of the car sets that were applied to the Southern Pacific Auto Rack

' cars in 1970 were carefully measured prior to a.pp11ca.t1on and 1n March

of 1974 a complete truck 1n5pect1on was conducted on SP 51 5081 at Southern
Pacific Sacramento shop. Th1s mspectlon included a complete teardown,
w1th de'aﬂ measurement of both trucks, and it indicated a pro;ectmn of
between 400,000 and 500, 000 rmles before any maintenance would be
Arequn-ed due to wear. This test.is covered by Dresser Transportatlob

'Division's report TE-1970-2, dated March 1974.

There have been 135 car sets of 50-ton capacity and 511 car sets of 70-ton
capacity trucks applied and service experience has shown them to be safe

and eomparatively trouble free.

'11.4  AVAILABILITY

"The truck is manufactured by the Dresser Transportation Equ-iprr.xent ,
Division of Dresser Industries, Inc.,of Depew, New York and has , in the
pest, been available from them. The XL-70 truck is cur rently not available,
however, because of tooling changes required to produce it in their Depew
foundry. It was last produced in Caha.da_ for the CNR container vehicles.

Dresser does have one car set that could be made available fox test purposes.

"11.5 COST FACTORS

First cost of the XL trucks has, in the past, beer} about double that of

conventional freight car trucks and this differential would probably continue
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unless it could be manufactured in very high volume. The heavy castings
would need to be made obtainable from all manufacturers of cast-steel
side frames and bolsters.

Precise maintenance costs are not availé.bie; Hoxivever, service ekperience
has indicated that, with normal maintenancé, the trucks will last for

the life of the car and that maintéhaﬁce" costs would be markedly reduced
below those of conventic;nal freight car trucks. Indirect related costs,
such as fimé out of service for repairs, ladiﬁé damé.ge, rail Wear, derail-
ments, etc., would also be redﬁg"‘ed. ' o

' More precise maintenance cost figures could be obtained by makin_gAa;.
sf:gd;r of wear rates on a few of Vt‘v}'ie"‘trucké under the PFE .‘;e'frigerator
c;,rs or the SP Auto Ra<.:k {_car;s‘ as compared to ,{c‘:onventi‘onal trucks under
'cé.}s of the same vintage',,a;nd‘ service experience. .. . |

e
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' FIGURE 11-1 | |
SYMINGTON XL-70 TRUCK - :
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" Section 12

ANGHOR TRUCK

12.1  TECHNICAL

The Anchor truck is a joint development between the South African Railways
and Standard Car.Truck Co. The truck consists of cast-s'te‘el side frames
and bolster arranged in a conventmnal ‘manner, us1ng a secondary sPnng
"arrangement. It ut111zes convent1ona1 bra.ke rlggmg and the "Barber'
vsnubbmg dev1ce . The South Afr1can Rallways version 1s de31gned for a

‘3.ft., 6-1n. gauge a.nd the trucks are scaled accordmgly. ﬂ_

The unlque feature of the des1gn conS1sts of d1agona11y placed anchors which
connect spec1a.1 a.dapters of d1agona11y opposﬂ:e axle boxes, These anchors
pass through existing opemngs in a conventmnal cast steel bolster. An -
add1t10na1 adapter is prov1ded similar to convent1ona1 axle boxes used with
prlmary sprmg arrangements (that goes over the convent1ona1 roller bearing
. adapter) which supports the side frames on two elastomer pa.ds and prov1des
a connection to the anchors. A measure (- 1/2 1n ) of controlled lateral

.motlon is obta.med by reachon of the elastomer pads in shear.

| The d1agona1 anchors perform the functlon of stab111z1ng the truck to ground.
to control unstable huntmg, but at the same t1me do not 1nterfere w1th the -
natural tendency of prof11ed wheels to ahgn themselves rad1a11y on a curved
track. Ample clearance is provided in the long1tud:na1 direction between the

special adapters and the pedestal opening of the side frame to allow the :axle_s
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to assume a radial position on a]l curves. The cross anchors must transmit
the brake forces which tend to push the two wheel sets apart and to ensure
that this does not result in unacceptably high stresses in the anchors and

. adapters, ties are fitted between to two s,‘pecial adapters on the same axle.
The diagonal anchors are not slteering de_vic.es . Steering is obtained entirely
by the natural ability of profiled 'vl.vheeln.s,ets' to align themselves and the
anchors do not interfere‘ with this ,curving ability. An arrangement of the

South African Railways' version is shown in Figure 12-1.

12.2 . FEASIBILITY

- The South Afrlcan Ra11ways have about one hundred cars equ1pped w1th con-
ventional trucks in un1t tram serv1ce transportmg iron ore from the Northern
Cape 'to the harbor at Port Ehzabeth a distance of about 600 m11es (a, 000 km).
Near Port Ehzabeth the 11ne drops sharply from the 1n1and plateau to sea

. level. Long downgrades of 1 in- 80 a.nd curves of 120 ft to 150 ft. radms are

L encountered The cars make the downgrade loaded and. return ernpty

'.'The SAR has had an expenswe problem W1th ﬂange wear on th1s run and has
found that after only nine round trips (12 000 mi.) the wheel contour needs to -
4‘be restored by mach.unng They use mulh -wear. wheels whlch permlt about

three turnmgs .

They also in\iestigated’ ride perIormance of theucon\-rentional three-piece |
truck and found that this truck would develop unstable hunting characteri'stics
“under loaded cond1t1ons at about 55 mph (92 km/h) and at 45 mph (75 krn/h)
‘when empty This compares closely to fmdmgs W1th the same deS1gn truck

" but of 4 ft., 8 1/ 2 1n. gauge in the Un1ted States.

The SAR ¢onducted considerable inve stigationl into the natural ability of a
~ conical wheel set to negotiate a curved track in a pure rolling motion in the

belief that if unconstrained wheel sets can be accomplished in a suspension

foid
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system, the wheel sets would tend to keep the axles at right angles to the

track on tangent track and seek the radial position on curved track.

Early expenments mdlcated that the1r theory, as conflrmed by nutnerous
computer programs, was correct but unstable huntmg on tangent track
cont1nued to exist at about the same speeds. It was then deC1ded to tie the

axle boxes together d1agona11y in order to hold the side frames in tram

. to m:.mrmze unstable huntmg. Further tests md1ca.ted that unstable huntmg

at speeds up to 80 mph (133 krn/h) was elunmated

The SAR then "equipped one car with trucks designed with the diagonal anchors‘
for compar1son W1th conventional three-piece trucks as well as companson

) w1th several car :sets of the UIC bog1e (French).

. After the same nine trips referred to above, the ﬂang_e Wear was not
measurable on wheels in trucks with diagonal anchors.A The car has now
accumulated approximately 50,000 miles (83,500 km) and condition of lead
wheels on the mod1f1ed trucks indicates-that the problem of excessive wheel

ﬂange wear has been virtually ehmJ.nated W1th this des1gn.

.The SAR claim the following- results for this design:

Y

, @ Stability of the modified trucks is. mater1a11y 1mproved and
unstable hunting is virtually eliminated

- This improved stab111ty is maintained at a full range of speeds
' and under varying load conditions . : :

e Wheel flange wear'is dramatically reduced
- Test results indicate that in order to maintain this performance, it is

important to keep wheel tread profiles constant during life of the vehicle as

stability declines rapidly with wheel-worn-hollow conditions.
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Stan&ard Ca;,'r Truck Co. is testing-the device in the United States- -
under a 100-ton coal hopper car and results to date confirm findings of
the South African tests. A photograph of the S.C.T. Co. 100-ton truck

now-under test is' shown in Figure 12-2.

‘Tests run by South African Railways in Africa -and by Standard Car Truck Co.
‘in the United States indicate that the design is feasible and will operate

safely under the varying conditions of general freight car service. |

12.3°  SERVICE EXPERIENCE

‘The trucks are still in the test stage and other than the experlmenta.l proto-

types referred to in Paragraph 12.2, have had no service experlence.

12.4  AVAILABILITY
: Tbe'_truck's would be a proprietary item of Standard Car Truck Co. in .
th::e\U‘nit_ed States and special items would be available from this company.
Heavy castings (side frames and bolsters) would be available fror.r;u all truck

casting manufacturers in the same manner as existing '"Barber' trucks.

12.5  COST FACTORS

- First cost of the South African des1gn (3 ft., 6-in. gauge) is estimated at
approxunately $1,200 per car set over a conventional three- p1ece design.

S.C.T. Co. estlmate is about the same for a 4-ft., 8 1/2 in. gauge version.

Cost figures for maintenance experience are not available; however, if
design goals are met as indicated by tests, then maintenance costs should

be materially r‘educed .

It shoiild be possible to arrive at reasonably accurate maintenance costs by

application of formulae developed by the TDOP Economic Study.
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A : load carrying side E : rubber sandwiches; K : stay; :
frames; F : axle box adaptor; L : longitudinal clearance

B : bolster; G : bolster springs; between adaptor and

C : wheelset; H : centre pivot; side frame;

D : profiled wheel tread; I : cross-anchor; M single brakes.

FIGURE 12-1

ANCHOR TRUCK ARRANGEMENT
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Section 13

C-PEP DEVICE

13.1 TECHNICAL

The name "C-PEP" is an acronym for '"Center Plate Extension Pad' and
“identifies a development by Standard Car Truck Co. consisting of elastomeric
. pads located immediately outboard of the car center platé; The shear

characteristics of the pad delvelop ‘a yaw spring/ damper‘betwéen the truck

-+ and-car body, thus providing rotational control. Vertically, the pad's high

spring rate gives an effective static and dynamic couple between the car

body mass and truck suspension system.

The center plate extension pad was originally marketed as a control for ''rock
and roll;' however, subsequent tests indicated that the device also had a
l_materlal 1mprovement on unstable hunting due to its shear characteristics

on truck swivel. This result is similar to constant contact side bearmgs.

C-PEP is a development for application to conventionally designed trucks,
both as a modification to existing cars and as an application to conventional
triicks applied tc; new equipment. Figure 13-1 is a photograph showing the
relatlonsh1p of the mating surfaces of the C- PEP pads to the side bearmgs

‘and truck center plate. Figure 13-2 shows the device in place.
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The pads are preloaded by the use of shims placed under them at assembly
which results in pressure being applied irnznedia.tely as the car reacts to an -
irregular truck action. Control of "rock and roll" is accomplished by the

car sway compressing the C-PEP pa.ds which activate the friction snubbers -

" of the truck immediately, rather than after the normal side bearing closures

when a dynamic force has been developed.

13.2 FEASIBILITY

_‘vThe_,ma_.nufacturer states that C-PEP requires no post-application adjustment
and 1s,:,t‘_'£§.v1I-safe,f'._ ‘The device has been service tested on numerous railroads
and has improved 70- and 100-ton car ride quality for the Iull rangé of equip-

ment, .from flat cars through high center of gravity, large box and hoppér.-;:.:cars .

Approximately 300 C-PEP-equipped cars have been in service since: 1967 > |
and none have had a reported derailment due to "'rock and roll." Wheel wear

~ is_being monitored and evidence indicates increased wheel life in all cases’,

All test reports and -service experiences have shown the device to'be entirely

feasible. .. . . S :

13.3 ... SERVICE EXPERIENCE.

C-PEP ha.s been in"service since 1967 and there have been over 25 000 cars
so equ1pped placed in service since that date. Unit tram trucks, 1nspected
after approx1mate1y 500,000 miles of service, show a minimum of wear
between bolster gibs and side frames. - Side bearmgs and their conta.ct ‘plates
shﬁw evidence of only light impacts. Service experience to date amounts to.

approximately 125 million miles without any serious problems developing.
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13.4 AVAILABILITY

The device is available from Standard Car Truck Co. Bolsters modified
for the device are available from all regular suppliers of heavy castings

and all: major car builders are equipped to apply C-PEP on a customerzr's’

order.

13.5 COST FACTORS

The C-PEP device. costs approximately $650.00 per car set applied to
existing cars and approximately $210.00 per car set applied to cars as

| they aré built.. It is estimated that wheel life is improved approximately
320 percent and center plate life is doubled. Wear on bolster gibs and

other truck parts is also reduced.

Based on the best available records, it appears the elastomer ISads last a

minimum 500, 000 miles and with no measurable wear on the body bolster

wear plate. .
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Section 14
- AUSTRALLAN,,zc!M.TRiJCK&

P

. 8

14.1 . TECHNICAL
Th18 truck was developed by’ the Austrahan Publ1c Transport Comm1$u1on
to meet conditions of track and terrain ex1st1ng on the Austrahan Ra11way

'System. It was coded by the commission (and is now known) as the 2CM

o truck

' A loW" .‘level versi‘on of the design was later produced and coded' 2CN. This

truck 1s s1m11ar to the ZCM but ha.s smaller wheels and 1ower center

"'"‘,Mpla.te helght. ( " - o Co ( AR

 Specifications indicate capé.city of the bogie to be "Load. Limit at Rail y : g
38.2 tonne. ' .o , i

Prior to introduction of the 2CM truck, the conventional thféé-'lsi‘eé‘é truck‘

was used excluswely in Australla. It is st111 be1ng used on most of the1r

equ1pment and is operated up to speeds of 60 mph They report extenslve e

damage to goods in transit, to the track and to the vehicle. Also, they ha.ve'
- experienced a high incidence of derailments and severe wear on truck com-

ponents. The 2CM truck was development to overcome these problems. An

assembled 2CM truck is shown in Figure 14-1 and the truck arrangement is

illustrated in Figure 14-2,

The truck is made up of a one-piece, rigid-steel frame, consistihg of two

cast-steel side frames and two cast transoms welded together., The
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welded Jomts between transoms and 51de frames a.re located adJacent to
the side frames. A conventtonal truck bolster and center plate complete

the arrangement.

The truck has dual suspensmn w1th both prunary and secondary sprmgs
The pr1mary sprmgs are arranged for a dual rate and the secondary

springs are single rate.

The 2CM truck has a l4-inch-diameter center plate, 2-1/2 inches deep,
and the 2CN has a 24-inch-diameter center plate.

They use sprmg-loaded side bearings to prov1de an addlt.tonal degree of -

rotat1ona1 resistance necessary to prevent unstable huntmg.

Braking is conventional, 'using inside, hanger-mounted brake beams.
14.2  FEASIBILITY
The design goals were to produce a truck that would -have a derailment
factor of safety equal to their passenger car trucks mat'erially"reduce

~ 1mpact loads on tracks provide an acceptable r1de up to 80 mph and -
requ1re a minimum of mamtenance . ' '
Phys1ca1 tests were conducted on the side frames and. bolsters and they~

‘ ,"met our AAR reqmrements for frelght car truck components. The com-

plete frame structure was fatigue tested to 25 million cycles to sunulate

one year's service under extreme conditions.

Ride tests"'were conducted over a variety of track conditions at supe-eds in -4
excess of 80 mph, with varying load conditions between ernpty and loaded,
and the number of damagdng impact forces between the wheel and track,
when compared to a conventional three-piece truck under a similar car,

[P
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was reduced by 91.7 percent in the vertical direction and 88.4 percent
in the lateral direction, when tested at 60 mph, according to the com-

mission's figures.

Test results and service experience to date indicate that the design is

entirely feasible.

14.3 SERVICE EXPERIENCE

There are approximately 1,300 car sets of 2CM trucks in service on the
Australian railroads with 2,350 on order. The first vehicles equipped
with 2CM trucks have now completed 200,000 miles and the wheels have
good profiles at this mileage. No problems have shown up in service and
the Public Transport Commission considers that all design requirements

have been achieved.

There are 200 car sets of 2CN trucks on order, but no reports on service

experience are, as yet, available.

14.4 AVAILABILITY

A major manufacturer of the 2CM truck in Australia is Vickers Ruwolt of
Vickers Australia Ltd. in Waterloo, NSW, Australia. The truck is also
manufactured in quantity by Comsteel (Commonwealth Steel Company Litd.)
of Waratah, Australia, and marketed under the name of their '""Fast Freight
80" truck. Trucks for test purposes would be available from either of
these companies. There is nothing about the design that would preclude

its being manufactured in the United States and a licensing arrangement

could be consummatel with the Australian Public Transport Commission.

14.5 COST FACTORS

Manufacturers advise that 'first cost' of the 2CM design is approximately
50 percent higher than conventional three-piece trucks. Cost figures on
the 2CN version are not available.
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Their design criteria was aimed at 500,000 miles between truck overhauls
and 200,000 miles between wheel turnings, but as the first cars have now
completed 206, 000 miles with wheels still having good profiles, it would
appear fhat this criteria will be exceeded. The Australians are convinced
that maintenance costs will be materially reduced, but are not prepared to

furnish quantita.tive' information in this re gard

Core
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Section 15°

ROCKWELL EXPRESS TRUCK

15.1 TECH:NICAL

The Rockwell Express Truck is a three-piece truck made up’ of two-
cast-steel side frames and a truck bolster arranged in a conventional
manner. Its major feature is that if he,s two inboard transoms cast
integral with the side frames having spherical connecting hearings
located diaéox_la.lly m the transoms. When these transoms are connected
together by the hearings » the truck is held accurately in tram. Truck

arrangement is .*'sho‘wn in Figure 15-1 and 15-2.

The truck frame aots as a one-piece rigid frame in the horizontal

A"plan'e but fhe spherical bearing arrangement a.llows the two side frames

to rotate w1th resPect to each other around an axis through a-center line
between the two connectlng bea.rmgs. This allows each individual Journa.l ,
housmg to dlsplace vert1ca.11y when the wheels encounter vertical mis-

alignment in the rail. . The transom and bearing are. shown in Figure 15 3

Rockwell claims both a primary and secondary suspension for this design.
The ""primary' suspension is between the journal bearings and truck
frame and conei,sts of elastomer sleeye-s mounted around the journal

bearings. The sleeves are designed'to vpr.ovide a measure of vertical
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15.2  FEASIBILITY' - . .. .

. Tests were run by the CkG:B&O in 1970 which coripa¥éd Fide qualities;

of several désign premiurh trucks. THeéir repoFt én tlfe Roékiwell truck

indicated that the vertical a.nd lateral car body ViBEa onal power trans-

red

mitted by the Rock:weil truck is substantlally from conventional

truck design levels of vibrational powérs in Both the forcingdnd car body

bending mode freqiiéncy Fanges. The tFanEMissibility of both vertical
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by use of the ela.stomer pa.ds a.t the Journa.ls

The Pacific Fruit Express Co. applied three car sets in May of 1966. for
a companson of various design premlum trucks Observatiuns of the
trucks in service 1nd1cated that wheel ﬂange wear. was reduced matenally, :

' f1nd1ca.t1ng a stable performance. '

In 1971 a joint SP UP-PFE ride test was conducted on the varmus prem1um |
trucks.. Report on the Rockwell design md1ca.ted that unstable huntmg was
controlled. Lateral shocks were materlally reduced but vertica.l control

was not considered adequate.

A11 tests 1nd1ca.ted the trucks to be stable la.terally and safe to operate in -

general service. ' The des1gn is con81dered ent1re13r fea.mble.\ .

15.3 SERVICE EXPERIENCE -

The first apphca.tmn of a Rockwell Express truck was made toa KCS V
caboose in Ma.rch 1964 These trucks have been in steadv serv1ce since that
timeand pertormmg in a satl_sfactory fashion.. The following railroads have -
used or tested the truck on head end, caboose, unit train;.and specialized. i
freight service: KCS, Santa Fe, L‘&N, BN, C&O-B&0O, Missouri-Kansas-
Texas, RI, St. Louis-§'an Prancisco, .Penn Central, Canadiau National,
MoPac, 'P&LE, Southe_rn and Trailer Train. Since 1964, there have been '

164 car sets pls,ced_,iu regular service or applied for test.
The three car sets applied by the PFE for test are, still in service and

- each has now a.c‘cuniulated approximately 350,000 i_r;iles . These trucks -

can be made available for exé,mina.tion. i
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15.4 AVAILABILITY . P =

. The trucks have been supplied in the paétf Byv the Tl"ansport’a'tion Equipment
Division of Rockwell Infernational,Atchison, Kansas; howeyer, this design
is no longer in i)roduction by Rockweli because the considerable prernium
price could not be justified by. the railroads that were considering 1mproved
trucks. Patterns are no longer available but the truck could probably be
furnished should suff1c1ent demand develop to justify productlon ‘Test

trucks could be furn1shed by PFE or .others.

15.5 COST FACTORS

First cost of the Rockwell truck is approximately double that of conventional
design. Casting fhé transoms integ'ral_ with the side frames, machining’
the journal and transom bearing surfaces and pr ovidihg spherical connecting

bearings mandate a high cost,
'fMainténa‘ncé costs are materi‘élly reduced due to less wheel wear as_well as .

"..less bolster to side frame and center plate wear. Service experience has

'éhown that no serious maintenance problem has developed to date.
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FIGURE 15-2
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Section 16 -

RAILMAC TRUCK

16.1 TE‘CHNICAL

The Railmac truck is a design developed by the R. W, Mac C‘ofnpany of
Crete, Illinois, It consists of ''lateral a'bsorbing- springs'' placed-at an
angle between the-truck bolster and side frames together with:'""equalizer
arms'' that.connect the two-side frames together (as well as provide sup-
"port for the spring s.ea.t of the lateral spi'ings). As additioﬁa.l features,
they propo se using replaceable .gibs on the truck bolster and ""wrap-around"
column wear plates on the. side frames. ''Type 1'-design utilizes la.tera.l
absorbing springs placed on an angle and ""Type 2" places the extra sprmgs
in a vertical position for added.load-carrying springs only. General
arrangernent of the Tﬁ)e' 1 is shown in Figure 16-1 and Typ;e"z ‘in Figure

16-2.

The device is intendedfor application t§ exi'sting trucks by adding the
special parts and to new trucks by hav1ng the spring seats and equahzer
pockets cast 1ntegvr‘aly1y.‘ All other parts of the truck are conventional.
Figure 16-3 ‘show,s. fhe Railmac parts assembled in the Type 1 configura-
tion and Figure 16-4 gives an exploded view of all the Il)arts. _They also
propose an additional support to the truck bolster consisting of double tie .

rods on the underside. These are shown in Figures 161 and 16-2.
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It is intended that the combiné.tion lateral-absorbing and load-carrying )
springs placed on an angle to the horizontal plane will provide a resistance
and restoring force to lateral motion. The equalizer arms are to provide
resistance and a restoring force to longitudinal movement of the side

frames and, at the same time, allow rotation in relation to each other.

Use of the replaceable (and rever"sa.ble). gibs on the truck bolster is
‘expected to reduce maintenance cost by eliminating the need to restore
gibs by welding and'provid_e a qo.ick, easy method of reétoriﬁg gib clear-
ance by replacing, or r‘eversi:rrg, the gib shoes. This is accomplished

by driving out the spri'ng steel 1ocking key from the holder arld reversing
(or replacing) the shoe. These shoes can be r‘eversed, or replaced, on
a repair track without dismantling the truck. The “"Nrap—around'b" column
wear pletes .'prox}'i'de the other half of a replaceable Wearix'ig surface at the
: conte.ct‘point. of the bolster gibs (as well aé the cohfaot surface for the
bolster control wedge) ‘The wrap-around wear pletes can oniy‘ be applied
to 51de frames W1th pockets cast integrally and cannot be applied to exist-
‘ mg frames..

. The designer miakés the follovsiihg claims for the device:

e Reétrofit é.pplicé.tibns' can be made in railroad shops and .-
. can-be fitted to most designs of AAR-approved trucks.

e = Angular added springing arrangement of Type 1 will
provide a measure of controlled lateral motion.

e Allows use of softer, lower rate sprmgs to reduce
~ rough riding problems.

e Truck equalizer arms will stabilize the truck and mini-
mize unstable hunting as well as improve "curving '
ability." A leaf spring loaded, constant- contact side
bearing (as shown in Figure 16-2) is also available .

- for further control of unstable hunting.
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e Replaceable bolster gibs and "'wrap-around' wear
‘plates will materially reduce truck maintenance costs.

e Truck bolster supports can be added to truck bolster
designs that are prone to failure.’

16.2 FEASIBILITY

A prototype truck has not been assembled and projected performance is
based on calculations and observations of a scale model. These obser-

vations would indicate that the concept is probably feasible.

16.3 SERVICE EXPERIENCE

There haé been no‘'service experience with the c,dr‘nplete\ truck concept;
however, there have been 5'25'c‘ar sets of the truck bolster suppox;ts‘ .
applied and the manufacturer is in the process of dppiying 20 car .seftsl"of
the r.eplacement bolstgr gibs for tést purposes. 'N'<“>-fr_eports éﬁ thésé

applications are yet available..

16.4  AVAILABILITY |

The dev'_;i'ce would be available from the R. W. Mé,c Company. The '\cc\>m->
pany has indicated that they will supply all parts and hardware for appli-
cation to one car set of test trucks and will sup:ervisé the in'stglla@tibn.

Othe'r truck '_parts would be available from regular suppliers,

16.5 ° COST FACTORS -

. Total cost for material and labor of the retrofit épplicatidn to existing
trucks is estimated at approximately $1, 200:p’er car set. Cost of adding

the system to new trucks would be about $750.
No figureé are available on maintenance costs; however, should design

goals be achieved,‘ a significant reduction in overall maintenance should

be expected.
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Se ct_i'on 17

ALUSUISSE TRUCK

17.1- TEC'HNICAL-

Th1s truck was developed by Alusu1SSe Alumlnum of: SW1ss Alumlnum Ltd.,
Zur1ch Sw1tzer1and The development was first conce1ved for use by the
Rhaetlan Rallway of Switzerland in a one- meter gauge version. This ra11-
road operates through a very mountalnous reglon w1th long, steep grades and
extreme hazards of cllmate mcludmg ground u.ndulatmns due to freezmg,
ice format1on and heavy snowfalls The rallroad ’has hea.vy traffic of petro-
leum products in tank cars. They cons1der that when relatlvely long tank
cars with high- rigiditY"are used on mountain tracl;s .W;th many. sharp,curves )
and frequent'track unevenness due to ground undulations , precaution’smust
be taken to ensure that sudden and u.ndue removal of wheel load'does not ‘
result in a. dera11ment. :

The Sw_,‘i._»s_s‘ designe’r‘s' concluded»that'because.the car could'not be readi];y.
designed with w}ll”at. they considered the necessary degree of '"suppleness, "
then the bogie itself had to be sufficiently supple. The Aiusuisse d_eeign_has |
no side frame in the accepted sense and meets this p;liab.ilitvr_equirern:ént to

a large extent.

The truck consists of two swing arms pivotally attached to the ends of a

truck bolster and supported by dual leaf springs, providing a ''scissor'' action.
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C A

g .'Th1s a.rrangement of a one -meter gauge des1gn is 111ustrated in Flgure 17-1.

A model of the des1gn in standard gauge ha.s an extended frame for support

of an outs1de brake beam to form a clasp brake arrangement as shown in

Figure 17-2.. Major parts of the truck are made of aluminum to accomplish

significant weight reduction. The alum_mum bolster and swing arms are

shown in Figure 17-3..

' A dual rate sprmg arrangement is obtalned by one sPrJ.ng supportmg the car

when empty or l1ght1y loaded w1th the other makmg contact at the ends as

the car is loaded ThlS arrangement is seen more clearly in F1gure 17-4.

The truck is center p1vota1 utilizing a conventmnal European ty'pe d1shed

j 'center plate. It also has- constant-contact friction side bearings located

outboard approximately on line with the wheel‘treads,- A safety cable is

provided to prevent 'cqllapse of the scissor arrangement in case of a broken

'spring .

' The pivotal arrangement of the side frame w1ngs allows independent vertrcal,

" movement of each wheel to conform to vert:.cal irregularities in the track.

The two swing arms at each pair of wheels are lmked together by a spmng

rod which forms a prolongatxon of the Journals of the two swmg arms..

An interesting characteristic of these trucks is the tendency -of the truck

wheel base to increase with increasing load. Because wheels on the outside

‘rail of curves are usually more heavily loaded tha'n on the-inside rails the

wheel sets undergo a self-adjusting movement which allows the axles to seek

a more rad1a1 position.

17.2  FEASIBILITY

Extensive tests‘ were made _in 1973 with an empty and loaded tank car on
the "Bernina'' line which has very severe curvature and grade conditions.

The trucks were fitted with strain gauges and accelerometers to analyze all
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parts of the truck The1r evaluat10n of the data, conflrmed a good correla-

tlon between actual and calculated stresses. As a result of their extenswe
testmg, Smss engmeers have pro_]ected ar hfe 5 4073 years ‘for the aluminum
components and they con51der the runm.ng characterlstlcs to be ”very good”

when compared to conventlonal European deS1gns

Trucks of the same de51gn but of standard gauge were tested in 1971 at _
speeds up to 120 km/hr and some d1ff1¢u1t1es were encountered part1cu1ar1y
with the brake equ1prnent. These tests were on the clasp brake type (Flg 17-2)
and reaction moments of the e1ght- shoe brake system resulted in undesirable

‘ p1tch1ng osc111at10ns of the bolster Road tests have been resumed, after .

mod1f1cat10ns, at speeds up to 140 km/hr but results are not yet avallable.

1 7 .3 SERVICE EXPERIENCE

« .

- The truck has been manufactured in small quantities and used on-a 11mrted
~scale on the Swiss Federal Railways. The Swiss Railway system is now

, .,operatmg 11 tank cars- -with one -meter gauge Alusuisse trucks . One car:has

(been in. serV1ce smce 1969 a.nd the others since 1973. ‘ o

JEN BT S

17.4  AVAILABILITY

This truck has been manufactured exclusively by Swiss Aluminum Litd. of
ZUrichj"»ho;n{e_ver-,‘f*’there'-iS"n'oth'i_ng about the design that would preclude its -
being manufactured-in the United States and a licensing arrangement could,

no doubt; ‘be arranged.

17.5 . COST FACTORS

No. cost figures are as yet available; houvever, by" nature of the design (which
includes considerable machining, double leaf sPrings , a r'n)ulﬁpl‘i.city of parts,
etc.), 1t would appear that first cost would be greater than conventional trucks.
" Manufacturers , however, expect the cost to be comparable to.conventional

European-design trucks.-
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FIGURE 17-1
ALUSUISSE ALUMINUM TRUCK
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FIGURE 17-3
ALUMINUM TRUCK PARTS
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Section 18

LIST TRUCK

18.1 TECHNICAL

This system, developed by Mr. H. A, List of Railway Associates, Inc.,
is a ""steering device' which consists of parts that tie the axle boxes

together in such a manner as to allow the wheel sets to assume a radial
position on curves and prevent lozenging on tangent track. An arrange-

ment of this concept is shown in Figure 18-1.

It is planned initially to market a kit to retrofit existing roller bearing
trucks for improved performance and reduced maintenance. It is also the
intent to offer a similar modification of the standard three-piece truck for

new cars.

The mechanism ties together opposite axle boxes, which devices are, in
turn, connected through one of the bolster openings as shown in Figure 18-2.
An elastomer pad is provided between the roller bearing adapter and roof
of the side frame pedestal with adequate clearance longitudinally to allow

wheel sets to move in seeking a radial position.

The inventor makes the following claims for the device:.
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® Improves ride and safety
° Reduces maintenance
e Eliminates unstable hunting up to speeds of 100 mph

o Negotiates curves up to 4 degrees without flange contact
and on sharper curves materially reduces angle of attack

° Prevents lozenging of truck framing

° Incorporates improved brake beam alignment to minimize
brake shoe flange wear

18.2 FEASIBILITY"
Tests have been run on prototypes of the List truck by the Lehigh Valley

and Canadiar National. Detailed reports on these tests are not available;

however, the device operated safely and appears to be feasible.

18.3 SERVICE EXPERIENCE

Other than the service involved in the tests referred to in Paragraph 18.2,

there has been no service experience on the arrangement.

18.4 AVAILABILITY

¢

There is nothing about the design that would preclude its being manufactured
by any competent fabricator‘ar;d it could be made available. Composition,
characteristics, and quality of the elastomer pads would need to be

closely controlled.

18.5 COST FACTORS

Precise first cost figures al:e' not yet available. Computer studies and pre;
liminary tests indicate that wheel wear and rail wear will be mate\:rially' -
reduced and wear on other truck parts should be less, resulting in reduced -
maintenance éo_sts. bffSetting costs would be incurred.by maintenance of the

device and occasional replacement of elastomer pads.
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Seetion 19

MISCELLANEOUS

19.1 SCOPE

There are severél devices suggested by inventors t_hat wish to have' their
ideas developed but have no backup data or test results In some, cases

detalled mformatlou is not ava11able owing to the propr1etary nature of’

.......

their 1deas There are also some trucks that have been developed but s

later d1scont1nued by their ma.nufa.cturers owing to cost or other fa.ctors.‘ o

.. , r : . : ot :-~.1;~i
It is the purpose of this section to give reference information on these

ideas or designs for record purposes and for pos sible future follow-up.

.19.2 H. N PAT’I‘ON AND SHCR ASSOCIATES

i

This is a truck de51gn developed by Mr H.: N Patton of Sea.ttle knownif;'g
~ as the "M1n1 Trux III " The de51gn conS1sts of a rigid frame W1th prlmary”

springing. Th_e major principal of the device is in the use of rod-shaped

elastomer springs.

Mr. ‘Pa.tton has referred his idea to Ortner Freight Car Co. of Cincinnati,
Ohio for development. Ortner has built one prototype, but dué to proprie-

tary nature of the development, further information is not available at this

time.

o



19.3 = GENERAL STEEL INDUSTRIES

General Steel developed and produced a premium freight car truck in 1961
known as the GSI Aligned Truck. The major feature is an aligning device,
similar to their passenger car trucks, to provide positive alignment. The
truck is used by the Union Pacific and others in unit traﬁn service and
proved to be successful. The UP cars have been in use in a unit train coal
movement for about 10 years. There are 150 car sets on the Union Pacific,
240 car sets on the Australian Railways and 387 car sets in service in the
Union of South Africa. While a successful design, it was not used extensive-
ly because of cost and its manufacture has been discontinued, for the

present, by General Steel Industries.

General Steel Industries also has a licensing arrangement with Gloucester
Railway Carriage Co. in England to produce an Americanized version of
their '""Chevron'' truck. This design used elastomer springs arranged in a
chevron pattern with the intent that the restoring force of the elastomer

pads in that configuration would stabilize the truck.

Several prototype trucks were produced and tested. Tests on the Penn
Central indicated a satisfactory performance; however, instrumented ride
tests run by the Canadian Pacific and Pacific Fruit Express indicated that
the device was unstable at high speeds. General Steel's analysis indicated
that the problem was in composition of the elastomer pads and furnished
new pads for one car set of trucks retained by PFE. The trucks have

not been placed in service and are available for further testing, if desired.

No additional trucks have been produced.

19.4 GRASCO, INC.

Mr. W. A, Robertson, president of GRASCO, Inc. of Greenwich, Connecticut,
has proposed a development project for developing and testing his version

of a freight car truck utilizing air springs. GRASCO is a successful sup-
plier of air spring equipped bogies for highway trailers. Mr. Robertson
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‘has a finite design in mind for a freight car truck, but is not willing to

disclose details without a formal agreement to build and test prototypes.

19:5 RAILWAY PTY., LTD.

Mr. E. A, Clifton of Cheltenham, Australia, has developed a device to
stabilize existing trucks that he calls an''Encon Bar.' It consists of a
leaf spring mounted outboard of the side frame to stabilize the truck in
tram as well as provide a measure of controlled lateral motion. He is
negotiating with an American company to develop the device and additional

information is not available at this time.

19.6 DISPENSERS PTY., LTD.

Mr. J. B. Mackaness of Dispensers Pty., Ltd. in Australia has contacted
TDOP by letter indicating that they have a truck development for consi-
deration in Phase II of the project. Due to the proprietary nature of his
idea, he is unwilling to disclose detailed information at the present time

but will make further contact at a later date.

19.7 E. H. WILLETS

Mr. Elwood H. Willets of Bay Shore, Long Island, has submitted a sketch
which portrays his patented approach to a railway suspension system. It
consists of an elastomer-cushioned, crossed-lever arrangement designed
to hold the truck frame parallel vertically while providing restraint and
cushioning. It uses elastomer load springs and elastemer-cushioned hubs

at all lever pivot points.

The design provides for pivoting of the truck on a kingpin, but the load is
taken directly on a low-friction elastomer side bearing. It utilizes elasto-
mer pads and bushings at all load carrying points to provide ''total shock
isolation''as covered by Mr. Willets' patent application.

19-3



19.8 HYDRAULICS HOUDAIL INDUSTRIES, INC.

Mr. A. G. French of Hydraulics Houdail contacted TDOP, submitting informa -
tion, including brochures, on the various types of snubbers, (both friction and
hydraulic) manufactured by his company together with an offer to work with

TDOP when the project begins its study of modifications of existing designs.

This company's line includes many different types of snubbers in a multiplicity
of sizes that have been used successfully on various foreign and domestic

passenger and rapid-transit cars. The data are on file.

19.9 THREE-BEARING WHEEL SETS

The possible use of wheel sets with one free wheel has been considered and
tried from time to time over the years on several railroads. The concept has
included many different methods to provide a differential between wheels and

allow them to turn independently of each other.

The Canadian National made several tests of this concept by using conventional
roller bearings on ends of the axle but with a third roller bearing between the
wheel hub and axle in one wheel only of each pair. Their interest was due to a
concern about excessive rail corrugation. Their severe problem with rail
corrugation was thought to be the result of extreme loading coupled with ro-
tating wheel slip on curves. Mr. Paul F. Giesking of National Steel Car
Corporation, Hamilton, Canada, made a report on this problem at the 1969
Dresser Engineering Conference. This report is included in the Technical

Proceedings of the 1969 Conference published by Dresser Industries, Inc.

Results of Canadian National's investigation indicated reduced flange contact
and wheel slip. On a 12° loop curve it was established that drawbar pull was
reduced 30% on cars equipped with the free wheels. Their conclusion was that

the concept warranted a more sophisticated investigation.
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Seymour F. Johnson of Santa Barbara, California, has submitted information
on his patented development of a '"Free-Wheeling Railroad Axle.' This
design consists of a tubular axle tying the two wheels together and mounted
over a solid axle that is equipped with conventional bearings. The assem-
bly includes a roller bearing built into each wheel hub and provision for

the wheels to rotate separately.

The advantage of this concept over a conventional bearing in one wheel hub
like that tested by Canadian National is that, due to the long lever arms of

the axles, high stress in the hub bearing from the overturning moment on the

wheel is eliminated.

Mr. Johnson and Mr. Giesking exchanged information in regard to the con-

cept and performance of a free-wheel-design truck.
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